Introduction
Botswana was the first country in Africa to offer largescale public antiretroviral treatment (ART) to qualifying citizens. From its inception in January 2002, the Botswana National Antiretroviral Treatment Program, commonly referred to as the 'MASA Program' with MASA meaning 'new dawn' in Setswana, has significantly scaled up its efforts. The programme currently has more than 90 000 persons receiving ART at 32 designated sites and associated satellite clinics throughout the country [1] .
In recent years, other ART initiatives have been established in neighboring sub-Saharan African countries, and the preliminary positive benefits of ART are well documented [2] [3] [4] [5] [6] [7] [8] . These outcomes demonstrate excellent immunologic and virologic responses coupled with overall ART adherence rates that are comparable with outcomes reported in industrialized countries. However, mortality rates, especially during the first 6 months after ART initiation, are substantially higher in developing countries when compared with mortality rates in industrialized nations [9] . These high early mortality rates are associated with severe immunodeficiency [2] , a wide spectrum of comorbid conditions including poor or reduced nutritional status, anemia, tuberculosis (TB), and other opportunistic infections among adults initiating ART in sub-Saharan Africa [3, 4, 10] . In addition, the reports of high rates of early losses to follow-up (LFU) among those initiated onto ART in southern Africa are concerning and require more efficient patient tracking and monitoring systems [11] . In general, these ART regimens appear to be well tolerated; however, the possibility of higher than expected rates of ARV-associated toxicities, when compared with developed country ART-treated cohorts, warrants more indepth and long-term study. These toxicities include lactic acidosis [11, 12] , nevirapine cutaneous hypersensitivity reactions [12, 13] , and lipodystrophy [13] [14] [15] .
To date, though, very few studies have reported longterm outcomes among patients on ART in the region [8] . We report herein 5-year outcomes among the first 633 patients initiated on public ART as part of Botswana's MASA Program.
Methods

Patient population
Princess Marina Hospital (PMH), in the capital city of Gaborone, is the largest referral hospital in the country and serves a population of approximately 800 000 persons residing primarily in southern Botswana. The overwhelming majority of adults and children in Botswana receive healthcare free-of-charge via the public healthcare system. Only, a small fraction of the population receives their healthcare in the private sector.
The Infectious Disease Care Clinic (IDCC) of PMH was established in August 2001 and the first group of patients on ART in Botswana received longitudinal care at this clinic [3, 16] . On 21st January 2002, the IDCC became the first public sector ART site of Botswana's MASA Program, providing care to patients from a large geographic catchment area. Between May 2002 and December 2004 31 additional MASA sites were established countrywide. All adult patients with an AIDS-defining illness, a CD4þ cell count of less than 200 cells/ml, or both were offered ART, according to existing national Botswana Guidelines on ART [17] .
For this analysis, the study population consisted of all HIV-1-infected, ART-naïve adults who registered at the PMH IDCC between 21st January 2002 and 7th August 2002.
Treatment regimens
The Botswana ART guidelines [18] for adults recommend two nucleoside reverse transcriptase inhibitors (NRTIs), zidovudine/lamivudine, and one nonnucleoside reverse transcriptase inhibitor (NNRTI), usually efavirenz, or for women of reproductive potential, nevirapine. Zidovudine and lamuvidine were given initially as coformulated Combivir and once available, as coformulated lamzid, which was taken twice daily. Following a 14-day lead-in period of 200 mg once daily, nevirapine was maintained at 200 mg twice daily. The efavirenz dose was 600 mg/day, given as three 200 mg tablets and, once available, as a single 600 mg tablet. Therefore, total ARV pill counts ranged from three tablets per day for efavirenz-based HAART regimens and four tablets per day for nevirapine-based HAART regimens. Patients with preexisting significant anemia were offered stavudine instead of zidovudine.
Patients experiencing virologic failure on first-line regimens were switched to protease inhibitor-based HAART (initially with nelfinavir and later changed to lopinavir/ritonavir) with two new NRTIs (didanosine and stavudine or when available tenofovir or abacavir and lamivudine). Genotypic resistance testing was reserved for second-line failures, complicated first-line switches, or both requiring resistance testing such as pregnancy with ongoing viremia.
Patient visits
At the initial clinic visits, all patients had a comprehensive history taken and received a physical examination. When clinically indicated, chest radiography and sputum microscopy for acid-fast bacilli smears were done to rule out active pulmonary TB. The following baseline laboratory tests were performed: chemistry, hematology, CD4þ cell count, plasma HIV-1 RNA level, hepatitis Bsurface antigen, and syphilis serology. Serology testing and tracking of results, however, was not routinely done in the early days of the National Antiretroviral Treatment Program. Patients with an active opportunistic infection were treated in accordance with national standards. Opportunistic infection prophylaxis was offered in the form of 6-month isoniazid/pyridoxine (B 6 ) to all persons documented to be HIV-1 infected and cotrimoxasole Pneumocystis pneumonia (PCP) prophylaxis for all adults having a CD4þ cell count of less than 200 cells/ml. All eligible patients were initiated on ARTwithin 2 weeks of initial registration, allowing for opportunistic infection screening and review of baseline laboratory investigations. Nevirapine-treated patients had liver function testing and a scheduled clinical visit prior to dose escalation at 2 weeks. CD4þ cell counts and plasma viral load levels were initially obtained 3 monthly and after November 2006, 6 monthly. Chemistry and hematology were obtained at months 1 and 3, and then at 3-month intervals. In accordance with revised national guidelines from 2005, chemistry and hematology, as well as lipase, nonfasting and fasting glucose, lipids, and lactate were done on an as-needed basis.
A confirmatory test was performed for patients with detectable plasma HIV-1 RNA levels (>400 copies/ml). These patients received additional adherence counseling and education. In cases of confirmed virologic failure, patients were switched to second-line protease inhibitorbased regimen.
All clinical visits within the first year were conducted by physicians trained in HIV care via the National AIDS Training Program, KITSO [16] . Clinically stable patients were subsequently managed by trained nurses. Since 2005, 103 patients deemed 'stable' on their first-line ART regimen beyond 1 year were transferred to private physicians for care as part of the 'public-private partnership' (PPP) arrangement.
Patient education
At the time of ART initiation, all adult patients were required to have a self-appointed adherence assistant, who would receive adherence education and counseling. These adherence assistants were trained to help with ART adherence and toxicity recognition. All patients returned monthly to the PMH IDCC pharmacy for ARV medication refills during which time pill counts were performed and patients received further counseling and education.
Laboratory methods
Plasma HIV-1 RNA levels were quantified using the Amplicor HIV-1 Monitor test, version 1.5 (Roche Diagnostics Systems, Branchburg, New Jersey, USA) with a lower limit of detection of 400 copies/ml. CD4þ cell counts were determined using the FACSCalibur flow cytometer (Becton Dickinson, San Jose, California, USA) with CD3/4/8/45 Multiset reagents.
Data collection
The MASA Program documentation system has evolved from facility-based paper records of clinical, laboratory, and pharmacy data to an electronic integrated patient management system with direct computer entry of clinical and pharmacy information and transfer of data to a centrally maintained database in the Ministry of Health. Using SAS software (SAS Inc., Illinois, USA), a comprehensive electronic analysis database was created that incorporated data from the following: data abstracted from paper-based clinical records, data from the centralized Ministry of Health electronic database, and data from the Botswana PPP. For all patients who did not return for follow-up, an attempt was made to obtain information on visits by direct phone contact, home visits, or crosschecking with other ART sites.
Statistical analysis
Data from all patients are included in analyses, irrespective of adherence to or change in ART regimen. Length of follow-up varied because of death, LFU, and transfers to other MASA clinics. Observations were censored at 1st April 2007 or at the time of LFU or transfer. Time to virologic failure and drug changes were censored at the date of the last clinic visit. Time to laboratory marker events was censored at the date of the last laboratory specimen. Kaplan-Meier estimates and 95% confidence intervals (CIs) based on the Greenwood formula were used to describe time-to-events distribution. Log-rank tests were used to compare time-toevent after ART initiation across groups. Likelihood ratio tests from Cox proportional hazard regression models were used to compare time-to-event after ART initiation for continuous variables and multiple outcomes predictors.
For analyses involving CD4þ cell counts and plasma HIV-1 RNA, data were grouped into intervals around the ideal time points. Counting time from treatment initiation, nonoverlapping intervals centered at each evaluation time point were created and the measure closest was selected, so that each patient contributed to each interval either one observation or none. CD4þ cell graphs show median changes with interquartile ranges. HIV-1 RNA graphs display percentages with 95% CIs as calculated using the method of Agresti and Coull. Pretreatment values were measured no more than 3 months before ART initiation. Patient data were censored at the event of transfer to another public MASA site. We assumed that censoring at transfer was noninformative.
Univariate analyses were performed to identify predictors of death and LFU using a log-rank test. The following baseline characteristics were included in the analysis: sex, WHO staging, CD4þ cell count, viral load (less than, more than, or equal to 200 000 copies/ml), active TB, age (<35, 35-45, and >45 years), initial ART regimen, and hemoglobin below 8.0 g/dl. To adjust for potential bias arising from LFU, we identified predictors of both death and LFU. Two variables, anemia and WHO clinical stage 3/4 disease, predicted both death and LFU. Therefore, we performed Kaplan-Meier analyses, stratified by all combinations of predictor variables. Our results from stratified Kaplan-Meier estimates differed from the nonstratified Kaplan-Meier estimates by less then 0.35%, implying low bias from the assumption of noninformative censoring. All values and figures reported are generated from nonstratified analyses. 
Ethics
Results
Between 21st January 2002 and 7th August 2002, 871 adult patients were registered at the PMH IDCC. Six hundred thirty-three ARV-naïve adults were initiated on ART, with the remaining 238 not initiating ART for the following reasons: 131 were already receiving ART via the private sector, 42 died prior to ART initiation, 38 were lost to follow-up before initiating ART, and 27 patients were not yet eligible by clinical, immunologic, or both criteria to receive ART [17] .
Baseline characteristics of the 633 ARV-naïve patients are shown in Table 1 The median CD4þ cell count increases were 169, 302, and 337 cells/ml at 1, 3, and 5 years (Fig. 2) . For individuals with a baseline CD4þ cell count of less than 50 cells/ml, the median CD4þ cell count increases were 200, 315, and 367 cells/ml at 1, 3, and 5 years, respectively. For individuals with a baseline CD4þ cell count of more than 50 cells/ml, the median CD4þ cell count increases were 162, 298, and 326 cells/ml at 1, 3, and 5 years, respectively. The 1-year median CD4þ cell count increase in the group of patients initiated on ART with baseline CD4þ cell count less than 50 cells/ml was 200 versus 162 cells/ml in the group initiated with a CD4þ cell count of 50-200 cells/ml (P ¼ 0.037). By 4 years, there were no longer any significant differences in absolute CD4þ cell count increases between the groups (P ¼ 0.81).
The percentages of patients with undetectable viral load levels at 1, 3, and 5 years were 91.3, 90.1, 98.3%, respectively (Fig. 3) . of efavirenz supply, pregnancy, and the development of TB.
Adherence was measured by the individual patient's frequency of attended medication refill visits (percentage of attended visits versus scheduled visits). Using this method, adherence could only be calculated beginning in July 2002 when the computerized pharmacy record system was introduced. The mean overall monthly pharmacy refill rate was 92.5% (CI 91.2 and 93.6%). 73.7% (CI 70.1 and 77.4%) of all patients never missed or missed only one refill visit per year, that is, were adhering to more than 90% of refill visits, whereas 11.3% (CI 7.9 and 14.8%) of patients missed two or more visits per year. Nearly half, 49.6% (CI 45.4 and 53.8%), of our patients did not miss any refill visits over the entire reporting period. There were no significant differences in adherence rates by gender (P ¼ 0.11).
Discussion
We herein report 5-year outcomes of the first group of ART-treated adults in Botswana's public National Antiretroviral Treatment Program. A striking feature of this cohort is the severity of immunodeficiency at the time of ART initiation. Early treatment cohorts in other resource-limited countries were selected in part by financial [19] , social, or both criteria [4] in addition to the degree of immunodeficiency, Botswana offered public ART to all qualifying persons [20] . For the first 6 months of 2002, the PMH IDCC in Gaborone was the only ARV-treatment site countrywide. The selection of patients, therefore, was heavily biased by 'disease severity', as evidenced by the median CD4þ cell count and viral load values, the high percentage of patients with active or recent opportunistic infections and, advanced WHO clinical-stage disease [21] .
The vast majority of ART-treated adults exhibited excellent immune recovery with sustained CD4þ cell gains persisting beyond 5 years on ART. Although the gain in CD4þ cells observed in this severely immunodeficient population is similar to that reported among adults initiating ARTat higher CD4þ cell counts [22, 23] , the high mortality rate in this population might have seriously biased this result and highlights the importance of earlier ART initiation.
A paucity of data is available describing the long-term virologic outcomes among ART-treated patients in resource-limited settings. The high virologic suppression rate among patients still receiving care in our cohort is encouraging, especially in light of underlying public health concerns that indiscriminate prescription of ART in resource-limited settings could generate widespread HIV-1 drug resistance. The virologic failure rate is an underestimate considering the high LFU and death rates, but within our cohort, the vast majority of patients alive and continuing ART-maintained excellent virologic suppression. Importantly, however, measures to minimize and monitor emergence of treatment-associated drug resistance remain essential [24] .
Our adjusted mortality rates showed similarly high early mortality rates when compared with other cohorts of adults initiating ART with severe baseline immunode-ficiency [2, 9, [25] [26] [27] . Mortality in this cohort was highest in the first year, with 50% occurring in the first 3 months and approximately 86% of all deaths occurring within the first year. The majority of deaths were due to advanced AIDS, with only a small fraction attributed to ARVrelated toxicities. In addition to the high early ontreatment mortality, another concern is the significant number of patients who were qualified to receive treatment but died before ART could be initiated and indicates that a swift and decentralized plan for the rollout of ART programmes in high-prevalence countries is urgently needed [28, 29] .
Botswana is one of the few sub-Saharan countries to choose zidovudine-based ART for first-line treatment [4, 18, 30] . Overall rates of early treatment-modifying toxicities were low, but higher rates of grade 3/4 anemia following ART initiation occurred in our cohort of severely immunodeficient adults when compared with healthier individual cohorts [30] . These high rates of anemia are of significant concern for rural Botswana and other sites in the region where blood supplies are limited, and alternatives, including better tolerated NRTI backbones for first-line ART, should be considered. Of note, tenofovir-based first-line ART is now offered in Botswana, Zambia and Nigeria.
The good initial ART adherence rates found among early African cohorts [31] are also demonstrated in our longterm cohort. Even into the fifth year on ART, overall patient adherence rates did not wane. As evidenced by high rates of virologic suppression (90% or more), a low virologic failure rate (<10%), and excellent monthly ARV medication refill rates, sustained adult ART adherence is possible. There was no difference in ARV medication adherence rates when analyzed by gender, although a separate clinical trial done in this same setting did show poorer adherence rates among men [14] . Longterm follow-up, including studies evaluating sociobehavioral aspects of adherence, is still needed and continued diligence in terms of adherence counseling and education is warranted. We abstained from investigating predictors of virologic failure in our cohort due to the high numbers of death, which would bias such analysis, as death informatively censors virologic failure.
Limitations of our analyses include the high number of patients who were LFU or transferred to another ART site following the countrywide rollout of ART. Transfers to other sites mainly occurred to facilitate patient care in newly established sites in closer geographic proximity to the patient's home. There were no significant baseline characteristic differences between transfers and nontransfers. We, therefore, assume that patients who were censored at transfer have similar clinical course after censoring compared with patients who were not censored. Although the LFU rate in our cohort compares favorably with those from other sub-Saharan cohorts [32] [33] [34] , it potentially biased the survival analysis. The number of deaths between 3 and 5 years of follow-up is likely to be underestimated as a significant number of patients classified as LFU have probably died [11] . The clinical event analysis was also limited due to the varying levels of detail available in the medical records and the reliance on patient self-reporting. Laboratory and pharmacological data, however, were ascertained via multiple systematic crosschecks.
In summary, we present the first 5-year ART outcomes from a severely immunodeficient cohort of HIV-1infected adults receiving treatment in the public sector in southern Africa. The high early mortality rate overshadows excellent immunologic and virologic outcomes and overall ARV medication adherence rates of more than 90%. Outcomes data from these 633 ART-treated adults represent one of the longest follow-up time periods of any public ART programme in Africa. These 5-year data provide important information for clinicians and policymakers in the region as they begin to evaluate and plan for the future needs of their own rapidly expanding programmes.
